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Abstract 
In the work results of research of sound velocity and attenuation of non-uniformly quenched high carbon steel are presented. 
Measurements were made by point source/point receiver technique with use of surface acoustic waves on frequency of 4.75 
MHz. Features of behavior of sound velocity and attenuation in the quenching field was found. Correlation between sound 
velocity and attenuation and microhardness and phase composition of the sample was established. Work supported by RFBR. 
PACS: 43.20Ye, 43.40Zc 
Keywords: non-destructive diagnostics; surface acoustic waves; hardness; quenched steel 
1. Introduction 
Present work is devoted to problem of establishment of correlation between spatial distribution of mechanical 
parameters of materials (such as microhardness which connected with phase composition of the sample) and 
velocity and attenuation of ultrasonic waves. The task of replacement of expensive and destructive mechanical tests 
on acoustic measurements is important in the application aspect [1-3]. The basic control parameters for estimation of 
physical properties and material condition are velocity and attenuation of ultrasonic waves. For diagnostics of plates 
Lamb or Rayleigh waves are usually used [4].  
In the present work surface acoustic waves were used, generation and reception were carried out by means of 
point source/point receiver of acoustic waves. The basic advantages of this technique are absence of the binding 
environment and high coefficient of energy transfer [5]. Non-uniformly quenched steel was chosen as object of 
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research. In quenched steel changes of elastic properties are connected not only with changes in phase composition
after quenching (martensite formation), but also with the residual stresses caused by thermal processing.
2. Experimental Set-up 
Experimental set-up consisted of the following basic parts:
• Ultrasonic set-up.
• Acoustic cell with point source and point receiver of acoustic waves.
• Mechanical scanning system.
(a)
(b)
Fig.1  a) Block-scheme of automated experimental set-up. b) Photograph of point source receiver.
Ultrasonic set-up. Standard echo-pulse method was used in experimental ultrasonic set-up (Fig. 1).
Measurement of amplitude of passed pulse allowed to define acoustic wave absorption, and measurement of phase
shift- wave velocity.
In present work the method of point source and point receiver was used for excitation and receiving of elastic
waves. Transformation of electric signal in acoustic was carried out by PZT-transducers with resonant frequency of
4.75 MHz. Steel hemispheres in diameter of 5.5 mm was glued to surface of transducer to provide Hertz contact (see
fig. 1b). Preliminary control measurements in the test sample have been spent for instrument error estimation for
amplitude and passing time of the acoustic wave. Results of measurement have shown that the error of phase
measurement is 0.004 radians (and error of velocity measurement is 8.3 cm/s or 0,003 % for sound velocity
C = 2.9 km/s), error of amplitude measurements is 1 %.
The design of acoustic cell was enough simple. Steel frame of the sizes of 80 on 60 mm was the basic element of 
acoustic cell.  Fixing plate of 20 mm thickness served of bottom edge of frame. Source and receiver transducers
could move freely on a vertical in fixing plate nests distance between which was 20 mm. The extent of transducer
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clamping was regulated by the springs resting against the top edge of a frame. Frame has been attached to a support
that allowed to move cell on height for adjustment.
The system of mechanical scanning included micrometric little table with step-by-step engine. Control of the
step-by-step engine was carried out by means of computer. One step of scanning in given experiment was 0.24 mm.
3. Experimental results 
3.1. Sample
The plate from the high carbon steel of the sizes of 200 mm*70 mm*6 mm was taken for carrying out of
experimental researches. Carbon steel was used for experiment due to high hardenability. Hardenability is the ease 
which with steel can be quenched to form martensite.
3.2. Control experiment before thermal processing
Results of elastic properties scanning before thermal processing are presented on Fig. 2.
It is visible that dependences of amplitude and phase shift on scanning coordinate represent enough smooth
curves without features. Amplitude changes (an order of 3 %) and phase changes (an order 0.1 rad.) can be
connected with surface defects which have arisen at manufacturing of plate.
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Fig.2  Dependence of amplitude and phase shift from distance for steel plate before thermal processing
3.3. Thermal processing
Usually for quenching standard Jomini test is used. After austenitising, one end of sample bar is sprayed with
water. At this end, cooling rate is very fast. Another end is cooled slowly by air. So, the hardness, depending on rate
of cooling, varies along the axis of bar.
Thermal processing of our sample was made as follows. At first local heating of the sample in a flame of oxygen
torch (flame diameter is order of 10 mm) was made within approximately 10 minutes to dark blue heat. We will
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notice that in the centre of the tempered area the small fused area by diameter of order 2 mm was formed. Distance
from fused area to edge plate was 40 mm. Quenching of plate was carried out in saturated water solution of NaCl
with ice. The arrangement and the sizes of the quenched area can be supervised visually on a scale spot (see Fig. 3).
Such thermal processing may be useful for analyzing of hardening of welding seems.
Fig.3  Photograph of sample after quenching (in front side).
3.4. Experimental results after quenching
Scanning of quenched sample was made in the middle along the long side of the sample, departing from the edge 
of sample about 20 mm. Area of scanning is about 80 mm long, including scale spot. Measurements ware made on 
the back side of the sample. The results of scanning the sample after quenching are presented in Fig. 4. Abnormal
behavior of wave amplitude and velocity was observed in the area of quenching: amplitude increases in three times,
and velocity decreases on 1.4%.
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Fig.4  Dependence of amplitude and velocity from distance for steel plate after quenching.
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3.5. Microhardness and phase composition measurements
Piece of the sample with length of 40 mm and a width of 10 mm was cut for determining of microhardness and
phase composition.  Cut was made from the center scale spot (fused area) on radius as shown on the Fig. 5(a). The
results of microhardness measurements depending on the distance are presented on Fig.5. We can see that after 
quenching the sample area, located on the back of the epicenter of maximum temperature has martensite with 
microhardness of 770-800 MPa and pearlite with microhardness of 370-390 MPa. As the distance from the center
increased microhardness of martensite reduced to 640-770 MPa and microhardness of pearlite remained almost the
same (360-380 MPa). Starting with 25 mm martensite has not been detected, there is pearlite with microhardness
around 290-330 MPa only. In the most remote areas microhardness of pearlite is about 300 MPa, ferrite with 
microhardness of 240 MPa is also present.
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Fig.5  a) Sample cut (on a blue background) for microhardness determination. b) Dependence of microhardness from distance.
4. Discussion
A comparison of Fig. 3 and 4 shows that the dimensions and location of anomalies of amplitude and velocity of 
acoustic waves are correlated with microhardness and phase composition of the sample. The acoustic wave velocity
is reduced in the area of hardness increasing. Similar result for the Rockwell C hardness was observed in [2].
Decreasing of the acoustic waves velocity for martensite also was observed in [3]. The behavior of attenuation in the
hardening area also seems important. Indeed, it is believed that the attenuation for polycrystalline metals is mainly
dependent from the grain size (the smaller the grain, the lower attenuation [1]). Observed in the present work,
reducing the attenuation for hardening area can be attributed primarily to the decrease of grain [1], because, as well 
known, martensite is more fine than pearlite. More accurate conclusions can be made after the metallographic study
and determine the sizes of grains. In addition it should be noted, that residual stresses resulting from thermal
processing may contribute to the anomalous behavior of elastic parameters. However, establishing the extent of
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residual stresses influence on elastic properties of the sample as a result of non-uniformly hardening is needed on 
future studying. 
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